The purpose of this study was to determine a new method for the early diagnosis and assessment of mild cognitive impairment in elderly individuals with hypertension. Elderly hypertensive patients with cognitive impairment were assessed by the Montreal Cognitive Assessment (MoCA) and Clinical Dementia Rating Assessment (CDR). Cognitive results were compared to apparent diffusion coefficient (ADC) values from magnetic resonance-diffusion weighted imaging. Methods: A total of 191 patients were categorized into four groups: a control group (normal cognition and no hypertension; n=20); a normal group (hypertension and normal cognition; n=33); an mild cognitive impairment group (n=80); and a vascular dementia group (n=58). The MoCA and CDR tests were used to determine cognition. ADC values in eight brain regions were calculated with magnetic resonance-diffusion weighted imaging. Other characteristics were evaluated, eg, blood pressure, MoCA, and CDR scores, and the comparisons of the four groups were made. Results: The MoCA and CDR scores differed among the four groups (P0.001). Systolic and diastolic blood pressure values increased as cognitive function declined (P0.001). Cognitive function declined as ADC values increased, and they differed between elderly people with and without hypertension (P0.001). Among elderly hypertensive participants, ADC values were significantly increased in the cortex and hippocampus. Conclusion: The MoCA and CDR tests were sufficiently sensitive to evaluate cognition. Blood pressure was closely related to cognition, as well as to functional and structural changes in the brain. These alterations were evidenced through changes in the ADC values and were most obvious in the cortex and hippocampus. Greater cognitive decline was observed in elderly participants with hypertension compared to those without. As hypertensive stage increased, greater ADC values were observed.
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Introduction
The global population aged 60 years or over is expected to increase from 700 million in 2009 to 2 billion by 2050, growing at a rate of 2.6% per year. 1 During the last 50 years, the prevalence of hypertension in the People's Republic of China has continuously increased, especially among the elderly. According to the structure of the Chinese population in 2010, about 200 million individuals in the People's Republic of China (about 20% of adults) are predicted to have hypertension. 2 High blood pressure (BP) and increased longevity suggest an increased incidence of age-related diseases, including cognitive impairment, the most severe of which is dementia. Increasing numbers of elderly hypertensive patients are presenting with different levels of cognitive impairment. According to surveys, 3 an estimated 35.6 million people suffered from dementia worldwide in 2010. This estimate has been projected to increase to 115.4 million people by 2050.
Mild cognitive impairment (MCI) is defined as a deterioration of memory, attention, and cognitive function that exceeds what is expected for an individual's age and education level. MCI is a common and frequently neglected condition among the elderly that may be a precursor to dementia. Petersen et al 4 showed that the rate of transition from MCI to dementia was 10%-20% per year. Thus, it is important to diagnose MCI early so that modifiable risk factors during the MCI transition period can be addressed. However, the data linking dementia and MCI are sparse, especially among elderly hypertensive patients.
Therefore, this clinical study aimed to discuss the relationship between different levels of cognitive impairment and the apparent diffusion coefficient (ADC) values of magnetic resonance (MR)-diffusion weighted imaging (DWI) among elderly hypertensive people, to obtain up-to-date information regarding the early recognition and diagnosis of MCI. This information may guide intervention strategies of MCI in the future.
Materials and methods ethics statement
Both study sites are certified for conducting clinical trials by the Chinese State Food and Drug Administration. Prior to study initiation, approval was obtained from the ethics committees of the Renji Hospital and Huashan Hospital institutional review boards. The study was conducted in accordance with all applicable regulatory and patient privacy requirements. Written informed consent was obtained from all patients, in accordance with local regulations, before the beginning of the study.
Participants
Participants were elderly hypertensive patients who were inpatients or outpatients of the Department of Neurology, Geriatrics, and Cardiology of Renji Hospital or Huashan Hospital in Shanghai, People's Republic of China, from April 2009 to February 2011. The participants were separated into three groups (shows in Figure 1 ): normal group (hypertension with normal cognitive function); MCI group (hypertension with MCI); and vascular dementia (VD) group (hypertension with VD). The control group consisted of people with normal cognitive function and without hypertension.
Inclusion criteria
Participants were eligible for enrollment in this study if they satisfied the following criteria: 1) age between 
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Mild cognitive impairment in elderly hypertensive patients 60 and 79 years on their last birthday; and 2) diagnosis of hypertension according to the 2007 Guidelines for the Management of Arterial Hypertension 5 as follows: for patients not taking antihypertensive drugs, a systolic blood pressure (SBP) 140 mmHg or diastolic blood pressure (DBP) 90 mmHg recorded three or more times in one day, and repeated over the course of multiple days; or, for patients taking antihypertensive drugs, a history of hypertension. All participants were assessed three times by one researcher on the same day, to ensure the accuracy of BP values. All BP results were described as mean ± standard deviation (SD) in units of mmHg.
exclusion criteria
To control for common factors leading to cognitive impairment, except hypertension, exclusion criteria included: 1) secondary hypertension; 2) unstable angina; 3) uremia; 4) decompensated hepatic cirrhosis; 5) malignant tumors; 6) serious hematological diseases; 7) organic mental disorder or severe suicidal ideation and suicidal behavior; 8) use of antidepressant, antianxiety, or antipsychotic drugs in the previous week; 9) failure to finish the planned neuropsychiatric examinations due to diagnosed illness; 10) electrolyte imbalance; and 11) thyroid dysfunction.
neuropsychological assessment

Criteria of mild cognitive impairment
Referring to the widely used diagnostic criteria of MCI formulated by Petersen et al in 1999 6 and the Montreal Cognitive Assessment (MoCA), 7 which are newer, more sensitive, and more easily used than the mini-mental state examination, 8 the criteria of MCI in this study were as follows: 1) a main complaint of memory loss provided by the patient, family members, or insiders; 2) Clinical Dementia Rating (CDR) assessment score of 0.5 points; 3) MoCA score of 26 points if the participant's education history was 12 years, or 25 points otherwise; 4) memory loss that was incompatible with the participant's age; 5) ability to maintain normal daily life; and 6) exclusion of dementia or any other physical or mental disease associated with brain dysfunction. ); TR =4,521 ms; TE =136 ms; field of view =220×220 mm; acquisition matrix =512×512 mm; slice thickness =8 mm; and intervals of 2 mm. Images were collected once.
Criteria of VD
Apparent diffusion coefficient values
After importing the head MR-DWI data into the workstation, the region of interest (ROI) was selected on ADC maps manually. ROI analyses were controlled for demographic variables. The ROI size was 30±3 mm 2 . The Stejskal-Tanner formula: and B100 (ApoB100), lipoprotein (a) (LP(a)), total triglyceride (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), HDL-C/LDL-C, fasting blood glucose (FBG), postprandial blood glucose (PBG), and glycated hemoglobin (HbA 1c ) were described as mean ± SD. Analysis of variance was used to compare multigroup data. Data were tested for homogeneity of variance (P0.05). A t-test was used to compare ADC values between: the control group and the normal group; the normal group and the MCI group; the MCI group and the VD group; and two stages of hypertension. Patient gender, stage of hypertension, and statin therapy status were described as numbers. Chi-squared tests were used to compare the multigroup data. In addition, multiple linear regression analysis was performed to evaluate the association between ADC value and MoCA score. Regression models were adjusted for age, gender, BP values, ADC values, hypertension history, and levels of ApoA, ApoB100, LP(a), TG, TC, HDL-C, LDL-C, FBG, PBG, and HbA 1c . A small test statistic (P0.05) indicated a statistically significant difference. Table 1 reports the demographic characteristics of participants. Age, gender, lipid profile (ApoA, ApoB100, LP(a), TG, TC, HDL-C, LDL-C, and HDL-C/LDL-C), blood glucose profile (FBG, PBG, and HbA 1c ), and statin therapy status showed no significant differences between groups. According to the basic data, the influences of risk factors of cognitive impairment, including age, gender, abnormalities in lipids and blood glucose, and statin therapy status, were negligible.
Results
Demographic characteristics of participants
Control and normal groups showed normal cognitive function, whereas the MCI and VD groups showed impaired cognitive function. The VD group showed the greatest impairment in cognition among the groups ( In multiple linear regression models adjusting for covariants, the MoCA scores were significantly associated with the ADC values (P=0.006).
Mean ADC values in brain regions in the control, normal, MCI, and VD groups
Results of region-based analyses of the mean ADC values are shown in Table 4 . Comparisons among groups are shown in Table 5 . Normal-cognition participants with and without hypertension showed differences in all eight brain regions (P0.001). As these eight brain regions are related to hypertension, this finding demonstrates the important role that hypertension plays as a risk factor for cognitive impairment.
With the comparison of mean ADC values in brain regions between the normal group and the MCI group, it was found that, when the cognitive function changed from normal to MCI among the elderly hypertensive population, the mean ADC values in different brain regions also changed. Statistically significant differences were found in main brain regions, such as the centrum ovale (right F=3. 463 
Discussion
The increasing age of the population brings many social problems, such as an increasing incidence of age-related diseases, including cognitive dysfunction. Studies have already confirmed that hypertension is an independent risk factor of MCI. Hypertensive patients with MCI are in transition from normal cognition to dementia, a period in which the brain undergoes dynamic pathological processes before clinical symptoms appear. Metabolic changes may manifest first among elderly hypertensive people with MCI. Therefore, the high-risk population of hypertensive patients with MCI has received much attention in recent years.
With the development of radiology, some new imaging technologies have been used in the clinic. In particular, DWI is a new MRI technology that is sensitive to early-stage ischemia and shows microdiffusion changes in ischemic areas. DWI is a relatively simple method of radiologic Clinical Interventions in Aging 2014:9 submit your manuscript | www.dovepress.com
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Mild cognitive impairment in elderly hypertensive patients examination that has a higher diagnosis rate than MRI. Water molecule diffusion can be described by the diffusion tensor and diffusion coefficient D; as D increases, the diffusion speed increases. In the microcirculation, various factors influence the measurement of D, including blood flow, pulse, cerebrospinal fluid fluctuations, respiration, and tissue perfusion. 11 Therefore, the value of D cannot completely describe the diffusion condition. For this reason, ADC, which integrates all of the above factors, was used in this study to replace the coefficient D.
Hypertension has been demonstrated to cause cognitive dysfunction. Studies by Rasquin et al 12 suggested that hypertension leads to damage of some cognitive function domains, including speed of thought, spatial orientation abilities, and, especially, executive function. Tzourio et al 13 completed a longitudinal investigation of 1,373 residents aged 59-71 years living in the western part of France. All participants had SBP 160 mmHg or DBP 90 mmHg. The authors assessed changes in the BP values and cognitive function compared to baseline after 4 years. The decline of cognitive function after the 4-year follow-up was correlated with increased BP. The relative risk of cognitive function decline was 6.0 after 2 years and 4.3 after 4 years. These results demonstrated that increased SBP or DBP is negatively correlated with decreasing cognitive scores and with multiple cognitive function domains, such as logical memory, visual reproduction, digital memories, and delayed logical memory.
However, all of the aforementioned studies used the minimental state examination to assess cognitive function. In the present study, we used the MoCA and CDR tests, which are more sensitive methods for the assessment of cognition.
14 The MoCA and CDR scores were well-associated with cognitive function, and scores differed significantly among the four groups. A negative correlation between BP (SBP and DBP) and the degree of cognitive function was observed. The length of hypertension history was negatively correlated with cognitive function, and the differences were statistically significant between the three hypertensive groups. These observations confirmed that hypertension is one of the most important risk factors of MCI.
In summary, BP is one of the most important risk factors for cognitive function impairment. As BP and length of hypertension history increased, patients exhibited more serious cognitive impairment. Hypertension-related atherosclerosis is a predisposing factor of CVD, which could cause cerebral vascular stenosis, vasospasm, long-term chronic ischemia, and hypoxic conditions in the brain, and could lead to changes in brain function and structure, which may affect cognitive function.
Further analysis of the MoCA and CDR scores showed significant differences for stage 1 and 2 elderly hypertensive patients, indicating that increased hypertensive grade exacerbates cognitive function. Remarkable differences in ADC values were observed between these two groups in the cortex and hippocampal regions, and differences in the left hemisphere were more obvious. This result may be due to the fact that most Chinese people are right-handed, so the vascular vessels of the left side are more slender than those on the right. Thus, these vessels are more susceptible to stenosis and vascular spasm, which lead to pathological changes. Another explanation may be that the left cerebral hemisphere is the main region involved in language management and logical thinking functions. Declines in these functions are easily distinguished in daily life and in the clinic.
Reitz et al 15 also found that a history of hypertension was related to a higher risk of MCI. Prevention and treatment of hypertension may have an important effect in lowering the risk of cognitive impairment. In the present study, the ADC values of the eight bilateral regions (centrum ovale, hippocampus, thalamus, corpus callosum, lenticular nucleus, caudate nucleus, temporal lobe cortex, and occipital lobe cortex) differed between people with and without hypertension. These results suggest that, as cognitive function began to decline, the function and structure of the cortex and the hippocampus noticeably changed. These changes were manifested as increased ADC values in these brain regions. When cognition declined to VD, similar results were observed.
Masdeu et al 16 found that the lesion area in DWI and ADC value changes were significantly associated with cognitive function. Kantarci et al 17 found that hippocampal ADC improved the ability of hippocampal volume measurements to predict future progression of MCI to AD. In the present study, in the transition from normal cognitive function to MCI and then to VD, changes in the ADC values in the cortex and hippocampus were increasingly obvious. Therefore, MR-DWI may be helpful for diagnosing MCI, and the results of this study may be useful for early therapeutic interventions of MCI.
In summary, ADC values increased with increasing impairment of cognitive function. Changes in the function and structure in the cortex and hippocampus were more obvious. With the development of cognitive impairment, the changes were more clearly observed, which suggests that these brain regions are closely related to cognitive function. The hippocampus is the region most closely associated with cognition; thus, it is expected that changes in the hippocampal area would be apparent with declining cognitive function. Cortex regions such as the centrum ovale, corpus callosum, temporal lobe cortex, and occipital lobe cortex showed a predilection for the development of hypertensive encephalopathy, as did the carotid artery and middle cerebral artery region, which are also closely related to cognition. Therefore, cognitive decline may be the main cause of ADC changes in these regions among elderly hypertensive individuals.
This study provides new ideas for identifying MCI in normal cognitive patients among the elderly hypertensive population, and may be helpful for early intervention and treatment to improve the prognosis among these patients. One limitation of the present study is that multiple comparisons increase the likelihood of type I error. To address this limitation, Bonferroni procedure was used for correction of multiple testing. Due to the small size and related experimental limitations of this study, further studies are needed to analyze in more detail the relationship between cognitive impairment and ADC values of MR-DWI among the elderly hypertensive population.
In conclusion, the BP of hypertensive patients cannot be easily controlled with increased age, leading to an increased risk of MCI. Currently, MCI is mainly diagnosed through neuropsychological assessments. However, different assessment scales exhibit different levels of reliability and validity, and an alternative is needed. This study found that cognitive impairment was related to both metabolic and structural changes in the bilateral centrum ovale, hippocampus, corpus callosum, temporal lobe cortex, and occipital lobe cortex, and that alterations in ADC values were more remarkable in the left cerebral hemisphere. In the development of declining cognition, changes in the cortex and hippocampus were more obvious. These findings suggest that clinicians should pay more attention to MR-DWI assessments in these two regions to diagnose MCI more quickly.
